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PROBLEM TO BE SOLVED: To provide a semiconductor 
device in which the threshold voltage of each MISFET X 
can be controlled independently. 
SOLUTION: The second insulation film 142, 342 of a 
gate insulation film 14, 34 comprises a high permittivity 
film having a dielectric constant not smaller than 8 and 
at least one high permittivity film of the second 
insulation film 142 or 342 is doped with at least one kind 
of impurity metal ions. The impurity metal ion has a 
valence number different by 1 from that of metal ions 
composing the high permittivity film. At least one of the 
density and polarity of charge defect in the high -^mmm 
permittivity film is differentiated between the second 

insulation films 142 and 342 by such a doping. -V-'wo^mw* 1 ~ T 
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1 : *mtt&& 

2 : ¥S*S£ 

10:nMOSFET(»1MI SFET) 
14:(I1 )7-hlg»« 
15.35: tf-hSlfl 
30;pMOSFET CS52M I SFET) 
34 : (S2 >y-h»S® 
14 1.341 ;3n£ttS 

142, 342 :m2imm 



IlMI SFETi, 

fH2 MI SFETiSrfx., 

SfflESgl y-h Jft»Btf*^< 1 1 -awe 3?1 ^R-Y 
MfB^2 h J&lldJJ£tt4>fr< 1 1 ^2 &JRY JO 

mmmi mm&mzm-zffimmi &m^*^k aum. 
&MM*^t nffimn tzvt 1 1 1 aw» 

S?2 ^f%m}&Ms(*^<Db' —\?is?k , <t t> — 

1 i»ie*2 mwmmt x-^rnxm^mt 20 

AiflBfti fgtt#KttiitrgS!g2 sta;*«i: EIE J* 

BtflE^l MI SFETIin^^vWMMI SFET^ 
SfTiB^2 MI S F E T lip 5^ ^/^MI S F.E T %S 

m&>t£< 1 1 1 «^<d^i ^vwnwefc 30 

2 H^v MSBfcSr*r** $4 &JR-T 

Htris^< tti ffigo^i ^mo&m^ *>Rrjtfjtm 
[ W*>S4 ] f»jjiJS2 xii3 ic|Bife<o^«rsia-efc 

miiElll MI SFETttnft^SMI SFET^ 
Btri2^2 MI S FETfip ^-y^/l^MI SFET^ 
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[ m&m5 ] tmm.2 ^mm^m^mmx^x, 
wmmi Rrjm2 mi sfet «i^c ^+ ^mnm 

SFET^t^ 

1 ^M-Y tyi >fl5»S:*i-5 ^3 ^Jg-T 

2 ^jR-r- tyiHictv ^4 

■oX. 

SufB^l S.^2 MI S F E T fil^U. ^-f ^/W^COMI 
SFET^, 

*frse'>^< 1 1> i wm?>mi *mti&m4*^ attorn 
t(rfE'>v£< 1 1> i a«cD^2 T&®&m4*>i-iffimm 

'ptt< 1 1 1 a«co^2 ^j&m&mjjr^vmjmwffi 

ffWESBi ^0:^2 R*««o*m«t-t4T^e*iAl 2O3, 

me/p?£< k 1 1 mm<omi Rvm2 ^mm^m^^ 

fi-t^ix, 2ffico^^-^tL-CcOBa -T^-V, S r -T 
Mg -r^^LTCa ^r^-VMt>*IC4 ffi(D^^-Vt 
LTWTi -Y^-V, Zr Hf 'f^->' > Si 4 lr 

VSOTr ^^->-w5 *>W^/«C< ki>l o£-gtj\ ^3jt 

mllE^l 25.t>*M2 SI1Sf*:)BS(DttW«^-*v^nT i O 2 , 
Zr0 2) Hf OaSOTr O2O9 Hi O 
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>-&t>*Nb -f^CD? h<D'P*£< ttl o«r-Sif, 
-Y^VteO . 1 a t o m%7!?^l 0 a t o m%cO®H<0 /0 

>fty|iMOCVDj£t-ftW v^v-r— is a >m 

I i«*gl 1 ] f»#Sl 0 tcfeS^^ft^fS^SBi 

«NMwfe< t 1 &t//;xte|g2 7*&K&JK 20 

^ v jimo c v d Sre^r K -tv^L, 

IlMI SFET^ 

I2MI SFET^fi, 30 

^^*^wuj.o8 u±<D^mmm^m^fcmi mm 

tttfi: «ttt <£>'>ft< t fc — #OftJ»U:J:o-c\ ittjfBIg 40 
1 MI S F E T (cSfjfB^2 MI S F E T t M*5:5 L# 

[0001] 

4#ClMI S ( METtMi- INSULATOR^ M^Ofl: 

^rr MI SFETJ t 
v HWBES: ffl&lclftim-a fc cog ffi *c H-TS 0 

[ 000 2 ] j0 
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P fin ft^^SOMOS 
( METEftL OXIDE SEmOXIDUCICR) S^#^^:h ^^V^^ 
^ ( n MO SFETJ t fc Bf-S) 1 0 PMp ^ 

t^s^Mos Mm#^mh 7>*j*9 ( P m 

OSFETj bbtfiJS) 3 0P(OlMfifcS*^ 
CMOS ( (XMPUEMENEARY MOS ) 7 S >W^"C*>5 0 ft 
jb\ P ttflf»Jx:tf«»B5p6 -6 1 4 3 7 ^ 

[ 0 0 0 3 ] @9 tc^i-i5 ¥J»#g«2 p 

~C\ ¥*#&tR2 P C0-(Offitt«*jErtfc:n MO S F E T 

1 opffl©p ->xm 1 p^^ttTjo*9 ^ntucw 

S-T^ ftfeC0g1±€H«rt^p MOSFET30P ffi^n ^ 
^/P3 1 P^M^HTV^o 

[ooo4]pi>xMip <Dmmft\a-±^ */l>mi$, 

Sr^Ay-Cl S<^^*EteJil 2 P , 1 3 P 

ttTl^ 0 ^fc, p-?x;H 1 P (D^ ^/VWSL±\Z[± 

p tmd&frxm , v-h mmmi 4 p ±\^-h m 
ii5P &mtit&tvx:\i*z> 0 

[ 000 5 ] rafiSt^, n l> 3i/l^3 1 P <D&mfo\aX s 7- J r 
*/u««4rj»£A/'Ci *fcop M(O^FM#iJi3 2 P , 3 3 P 
tf s fl£j5fc£ivC^5 0 *fc, n ?x/V3 l PWt^ 

»R3 4 P asj&fc£ ^T*50 , y-h ^513 4 P ±tc 

y-h m^3 5 p*»ritettxv^s. 

[ 0 0 0 6 ] (SffigtftO^^^, y-N Bffil 5 

P, 3 5 P rt^tty >-^n v^^f^^^-rv 

[ 0 0 0 7 ] y-h mffil 5 P , 3 5 P ^go 
S^2 P ±0£SlcSmtiUHK4 p ^s?gfiKS *lTV^ 0 
SraifeS^ P ^ h ixTfc 

9 x ^M^gl 2P, 13P, 32P, 3 3Pf^^ 
^h^-;^LtiEil7P, 18P, 37P, 38 

[0008] 

[ *TOs«p»Li5 iri-^HJH] ^T, y-h ttffii 5 
P , 3 5 P (C^Rfiy -^bfc^g-, y-h 
15P, 35P^: mc3*rfti-S^-*/^««i: ^WJo 

tt*BB»2l( <50*^) JCfiHL T . n MOS F E T 1 0 
P£pMOSFET30P£ T+te&VDJ: ? *»f^±Otg 

[ 000 9 ] *i\ n MOS FET1 0 P X^—b ® 

iisp fip ip _btc^$ nrv^cor\ y 

— h til 5 P t p ^^/H 1 P t <Dma3ip f7 3L?\>\ 
1 P CSIT( *V>L«StE2 P CTLt) IE^»f±*F^ 
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1 5 P &fr1Tti*\z3Em$Lb -fz^t \cX o xmrnziB 

[ 0 0 1 0 J rttiC*fLT, p MOS FET3 0 P XI* 
f—h WM3 5Plin"?x;U3 1P ±(CffM£ *LTV ^ 

cot% y >&-k -71, ten mcoy-h mm3 5 P t n 
cfti\ r <d/c*x ®@3 5 p 

7y H f-ft£o t£oT. p MOS FET3 0 P tdjoV^T 

R^&mf&i-ztctbiaty-b mm 5 p ^ft^ m 

( J£TFr L^vMgj *fcP«;) ^< too 
[ooiilr©i5K, ^-h m®i 5 p, 3 5 p<d 
l*l^-iS(O^M»*K ^Lfc4§^lcf^ nMO 
S F E T 1 0 P &tfp MOS F E T 3 0 P (D^tl^fUO 
L£ WfimEEtey-h mni 5P, 35P^: tlKMfa 

£5 o IP^. ^0^<$£Sl P Titn MOS F ET 
1 0 P&Xfp MOSFET3 0 P (OL# ^^m&ttl^tl 

So 

[0012]^(DJ;5 ^Ppm^^«?^teO— L 
T, n MOS FET1 OP^-h WMl 5 P [C(2y ^ 
—y-tZh MOSFET3 OPO^h ®jl 

3 5 P fCteTKn K — ^i" 5 r<b(ao T#MO S F 

etiop, 3 0POb#v^tt^^tb^tUfiS:«c$f|^hr 

[0013] L2>LfttfS£>, h WM3 5 P IdK — ~? 

S F E T T^y-h «etRfll3 4PC2n miS^T<£>« 

ft*t^S*i: J W~< ft t> , MO S F E T O^^tftfi^ 
ft FpWCifc* £ *VCV V5 o 

[0014] ^MOSFETl OP, 3 0 P <£>L 

^♦Sft^M^ttfir^/wy <Dftm&nimzgikt:± 
C £ OT\ L t v Mitflffi^^ ft >:7 N ^SrJ^-r 

art ttH«rx?*>5o 

[0015] ^fAL S I -Cfi, tttH-k. n v? 

s> ^ESgffiMOSFET, 7<^ey iryUfflMOSFET^ 
tH /OlHlKfflMOSFET**tl>^ r ixSVMcSft5L 
* v MBflBIEfcRJ£rs r<t^v\ r coj; 5 ft #^(c^o 
v >xt ±JC^L t v HMEOMfl^BlBtt^miB^: ft 

[0016] MMii, L*vHtntEE«sttAlc«mdn . 
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tcmk^Mi s f e t ^mfcmm&m&i-z r 

[0017] 

mi y—h mm&&^ts>mi mi sfet£, mrss*** 
<*»4fLh^^*s nfc^2 y-h imm&^tt&2 MI 
sFETi mesa v-h 1 1 

JO ^^Lfc^l BulE^2 y-h IfegUglte 

^>ft< t fc -^tci, ^2 W± 

<z>itw«*s:*rLfc*2 mmi mm 

{£m\c#i-zmdm fem^^t ti&m**i rats* 

^^>ft< t fc l ffigo^i 7fflm&MA*is<r>Y -b°>- 
^t, mj|B^2^m^W(c^^ffir|E^2^JS>r^i: 

aflK«<i fcftsft^»/>ft< tti a«oM2 
shit, «ne»i wtft«^i: mriE^2 mm^m^t 

20 Xffim!Kf&<D&&b m&t (D'Jsfj; < bh Z> . 

[0018] ft*«2 ^|B«C0^^g(i, 

^2 ISftftflK: IWfiH^o 

[0019] f**JS3 ^1E«W>*»<*3gtt«:, IS*^2 

iciaife^^^g-e&oT, ntnejgiMi sfetw 

nft^SMI SFETm, BUs2^2 MI SFE 
t te P ^-r */vmm S F E T Sr-g"^ SulS^ft< ^ fc 

i mmcomi ^fm^m^f^^msmi i&m^yf^x 
n^tv Haas* ^3 ^s-r §r stn b^> 
30 4<tti mm<Dm2 ^mm^m^^^me t m2 &m 

stFie^ft< tti ffis^^i ^mm&m4*^m$ 

mjfB^ft< l a«(^^2 ^FM^S-Y ^y^I^ 
[0020] IS*«4 lc?E«o^«^jttt. -»*«2 

x&3 izm&<D¥m&mm-x&<>x, mmi mi sf 

ETfin ^^SMI SFETS:^ HtTlS^2 MI 
^ S F E T fip f -v ^/uatMI S F E T £ mjfG^ft 

< 1 1 1 at^o^i ^iwfcftfK^ttweJiii ^a-r 
tuis / >ft< i: 1 1 wm<r)m2 ^mo^m^^^mmm 

mj|E^ft< t fc i ffigco^i ^ffltMtm* ytris 
at>*mjfB^ft< tfc l «|g(7)^2 ^M^JR-r^-XD^ 

50 [ 00 2 1 ] fB*S5 fc|E«<OiN»f*®«tt, IS*J12 
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[cmm?>¥-m&mmx*&^x, bwb»i &t*js2 mi s 

IS®2 *>«t «9 fe ** v HBWr*f« ^4 &JR^ 

[0022] tmme »*S2 

MI SFET nmC^^/^mtDMl SFET^r^ 

buib^< tti mm<o^2 *^ 

JK^S:^*. Bul5^< ttl «g|c£>ffll 
«^^-^Z5:U : iulB^< fc <b 1 SIS<7)Jf§2 ^M^&M-f 20 

[ 00 2 3 ] S*#3g7 fc^<0¥3M*K»*, W*S1 

1 XU<*2 BWft^tJlSHWiT^ilA 1 2 O 3 , Y 2 o 3 
mfL a 2 Oz(Do ~h<D'pf£< hi>l o^r^^ fulfil 

th s 2ft^ty^LT(DBa -f^y, Sr >fty, M 
g -Y^&lTCa -ftyMU m<D^^->t LTOT 30 
i -f^, Zr Hf -f^, Si ^tVKtfP 

[ 00 2 4 ] flf3&58 {-fE«0^#3£Hl*. 

i Rvtm2mmftmwttmittn?tiTi o 2 , z r 

O2, Hf O z WPr 02^^^<H10^^ 

[ 00 2 5 ] ff*«9 ^|B«W)¥»f«Slltt, »*S1 
no . 1 a t o m%7?;^l 0 a t o m%<Dffim<Dm&X 

[0026] Sffefcafft 0 Jc|B«co^^«<oiefc*rffi 

it^rffi-CfcoT, mrffi*J«fc< ttl ffi«£)^i AXfi/X 
tt*2 ^F>fi%^JR-f teMO CVDS^ * W 
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[ 0 0 2 7 ] »#Sl 1 *^E«^*a!C#««0«ig*jSfe 

[0028] ft*jsi 2 ^sa«W)*aw*:«»i. 

JR£^trSf?l Ml SFETi, mrf5^«frS«±{c?fM 

s titcm2 v-b mmz^tfm2 mi sfet^i 

^JR-r^Sr^L J.08 «±^>it»l«^S:^rbfcSl 

12^1 MI S F ET \Z.wmW,2 MI SFETt tt*fc5 
[0029] 

fa^Wtl ft^/I/ScOMOS ( MEIMj ckide semioo 

nducioO 9^*/*? ( tTFr n mos f 

e T j h t np-S) Xt/p ^-y *^S©mo s Sm#^* 
h ( ^Tr p MOSFETJ 1 1> Pp-S) (DM 

#£r<16;tfcS#ftftCMOS ( OT^Pt^MENi^Ry MOS ) 

[ 00 30 ] HI ^Tjk-tX? (CI. ^flE^Sl H0iJx.« 

2 k , ^f^S«2 tC^tLT^ ^Stvfcn MOS F ET 
(ft^tlillMI SFET) lO^pMOSFET 
( #t>Lte^2 MI SFET) 3 Ot^fiTV^o f¥ 

IWt-tt. S«2 a^M»fUR3 iaot#ffitt««i;E 
HfS-h/C^S. fLt, S«2 (D-coSttm^rti-^K 

2 ^)±ffi^V^Lf^®^^)^(7>^ CloTn MOS 
FET0 1 0 fflcop ^ai/H 1 3iS»jER*ttTV^* 0 4 

2 (D^ffi^ib ^f^COgg^ (C^o Tp MO S F E T 3 0 ffl 

[ 003 1 1 4*5, WTCOlftWT^i, S«2 O^ffi^p 
*>T*p !?xM 1 ^J*S jxTV^SB^Srp 1 
<^*Dil 1 S itPptf, n «>zc^3 1 *Sjg^$ttTV>5 
8B#*n ^^/U3 1 co^3d3 IStt ^ 0 
[ 0 0 3 2 ] p T>m^l 1 (OSffil 1 S f*J(Cte. n MO 
S F E T 1 0 <D^ ^A4fim0& tVb ®^c( ^ 
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m zw^xi M<Dn mDTfm/tmi 2,13 tm$& 

HtV^o ^WfoMl 2 , 1 3 fin MOS F E T 1 0 <D 

y—*- Kiz-rv^Sr^c-To MM, p[>xM 1 co* 
ffil 1 S _hfCf*±fB^-V ^umm±^n MOS F E T 1 

0 (d?-v tmmi ^Lf*?gi y-b mmm 1 4 r 
ivf-h mmi 5 ^rcoiiiiff-e«e$ttTv^ 0 
mzmm-tz <£ 0 \z % -c«n mosfet 
1 0 (Df-h mmmi 4 rami if&ftBUi 4 1 is 
Mil 4 2 £#x.tv^ 0 *fc, y-h mmi 4 Rt5 

h ftffil 5 (D®mRX$p ^^M 1 <75*ffil ISC 70 
Sttn MOSFET1 0 <T>^-i Y * — /VC* *<—^r\ 
6 *S«?«SJxTV^«o 

[ 00 3 3 ] ftfcfr* n 9 ^/t^ 1 CO^®3 1 S 
PMOSFET30 <D^ *J\^$fe®k{vX*l *j"COp M 
(D^Mil3 2 , 3 3 ^ff^£tLTV^ 0 ^M4£>J13 
2, 3 3 tep MOSFET3 0 coy— KU-fVfJ^ 
Sr^c JEM. n^x;l/3 1 co^S3 1 S ±(C(i±f^ 
^HiWSJttCp MOS F E T 3 0 coy— h ^fll( /j! 
^U*ffl2 y-h jf&gdBI) 3 4 RW-b WM3 5 #C 

¥*fls:3S«l -Cttp MOS F E T 3 0 co^-b 3&lidg|3 
4 fijgl ^fll3 4 1 mm&3 4 2 Srflt;*.-^ 

5 0 ^a^3 4 ®@3 5 coftij® 

Xtfn ^^^3 1 CO^®3 1 S (CgLtp MOS FET 
3 0 <DV-«{}?V*—/W<—y-3 6 &Mf&£tlT\t>Z> 0 

[0034] y-h mmi 5,35 rtrntfy >- 
w, ai , cu , Co , Ti , pt m<D&mx*£kr, X 

li. r fib <D&m<Di/!) D-^ K 3=r.L < te^-T K 9 -f K T' 
t) SSI 5,35 Srfl&fcLTfc 

[0035] ^vksssi nmmmmm Rmmi 

7,1 8,3 7, 3 8 Sr3E^«^TV^o A^Wtett, 
Mil 5,35 ^fotSte JiCO^SfC/f ftl3l& 

frtmiS&inxm , ^mmm\ 2 , 13, 32, 

3 3 tt^>$?b ^-/^jMTEgl 7,18,3 
7,38 (ClS^tlt^^o 

[0036] ±a!coj:5 (cy-h tmmi 4 , 34ii» 

1 tauti 41, 341 &xm2 mmmi 42,342 40 

*m^X*$*) s ¥^Mfc££gl tt^*/W 1 ,3 1 CO*® 

lis, 3 1 s jwcfgi i6tRiKi 41, 341 /mz m 

4 2, 3 4 2 /y—b WMl 5,35 COfgJl^ig 

[0037] y-b nmmi 4,34 co^i mmmi 4 
1 , 34iit w*rt«iawfca»*f©'>3 =i>mas^> 
y ^ifai^ n<b co*i^t>-ttr*>5 ^y ^s^ft 

Wfci*ofi( it) 6g««<a0l*;ftffi( J^Tr fiii? 



) #P^2 002 -2 80461 

flicoit^®^(i^tL%tL^3 . 8 , *?)7 . 5 , jK)4 ~7 
t*>5 0 *1 IHHIl 4 1, 3 4 1 cOJ¥$ f43 n m&T 
i^^ltio^ . »$L<|j:2n mOT^LTV^ 

[ 003 8 ] ffc£\ »^ll 4,34 C0^2 tm 

mi 4 2 , 34 211 Si fe^dKl 4 1, 3 4 1 *9 t 

m^H it) ««**^rLfcBt«fl«( *v>utt»i 
nt ltj«5o sontt»«aw, ip^^2 *fe»mi 4 

2,3 4 2 cOJ5$ tt«!lx.tf3 n mJ£Uil 5 n mlUT^iS: 
5feLT*5!9 , »*L< «3 n m«ll 0 n mEilTCaS 
LT^So mc % M2 tm$gl 4 2, 3 4 2 <D'pt£< t 

[ 00 3 9 ] PJWtett. ±iaPCTIfl*MK>«»i: UT, 

Al 2O3, Y2O3, La 2 03^O^ftl^Xli 
m<bC09 ^c02 oWJbO^ffeSrfflV^V^o **3, 
Al 2O3, Y20 3 ma 2 0 3 tt-tivt*ix3#Ot&JR>f 
ftV^LHtJRl ftt*SS2 teM-f^) "CfcSAl -f 
Y-Y^, La>rty^tLt*5^ ^8—1 
0, *>J13, ^2 0 <OJtR«*Sr*LTV^5o IP^, ± 
iE^m^JS^^^JS^^-VSr^b J.08 «_bco 
itR«*S:*LTV^o rtl^Al 2 03^cO^ 

m«l^t-K -b°>-^-r6 ^> ( K 

h) tit, fcl&tf, $^«I^4fT^5T 
i , Zr , Hf , Si , Pr m<D^m<0^^( *V^L 
tt»3 AM-f*^) RXfi/Xte&7£temVt)m 

^2ftTWBa , Sr , Mg , Ca ^cO^JgcO^T^V 

[ 0040 ] *V^4, ±SE«!»l««Bto*mfc IT, « 
;tCf, Ti O2, Zr O2, Hf O2, Pr Oz^<Dl^Tfi 

fajtte^tit><Do -h(D2 ^U±snm&Sto*m^x\i^ 0 

Ti O2, Zr O2, Hf O2, Pr OzKfrttt-ftl 

4 «co^js-r^( ttv^uttiui xt«S2 ^Js-r^-» 

"Cfc^Ti -T^-V, Zr -T^-V, Hf Pr ^2f- 

>-^r-aWLT^o«9 , »80, *^2 2 , S30, ftl 5 CO 
JtK«*Sr*LTV^ 0 m^Ti 0 2«fOi«BI 

M tut, $t*KfbW>5«r*$)5T 

a , Nb ^<OdfeJg-f ( ftV^Ltt«3 &m-C 

Rxfi/xte&fej£mm;n&3 mx&zAi , 

Y, La W<D&mcO'{*>>( ftV^Lf4*5 »t^«6 

[ 0 0 4 1 ] rcoi:#, ^3zEoi5 -ba>co?FM^ 

1 a t o m%7?/Ml 0 a t o m%cO®IS(C®^L Xto 
V , »±L< flO . 3 a t o m%7^3 a t o m%cOtB 
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[oo42] ai 203§o ( \?—\?>tffti<D) mmmrn 

JUtt, #JxJf, CVD ( Chemical Vapor Deposition) 

tf, ±mmmmm{ #jxj*ai 2O3W **firt5* 

■CXttttAJR^a^taJK {*J;i«Ai Nil) ^KiStfex^ 

[0043] jf%m&M<4 yf^w — ^^-y^mx-^ 10 

tvfcffi^m^JK^C v D ffifcj; o X\tmzM$rt 

MO ( Mstal Organic) CVDMMi^, 

ttWRfc 4S AJUK-^IYfcJBRcK -tf v^^i^ d <o 
^J^tf-r^-W>-^>"r">3 yffiiMOCV 

[ 0044 ] 4*>\ ^mm*5XS^&&tf( K7 

AV-( p Xt 2 /( 2 X £ 0 X £ r 

meot mmmwmoitmmm e r t ft«2 1 comxm 

[ 004 7 ]i(l)H,»ato m%GQ$f®^ft6 
Wot, yjyV ^K«fifc6S*&0 . 1—1. 0V| 
*>7H, MOSFETOL^V^IIEE 

[ 004 8 ] ft*3, 5t( 1 ) ^<ttbtf«E^h iAV 
f*BWt 02 SUdtfcWS^-e. S?2 l&tURl 4 2,3 

4 2 tfrn^ifisyv mAv<Dm±t*m^xhz> 0 ^<n 

fx/cMO s f e t jc*j~r-5 fi£#<OL # V MtftJ^&n? 

[0049] m2 Rims \^m2 mm%\ 4 2 , 

3 4 2 ^<D7fffim&m<<*>'<DV —VUJffflk&h MOS 

fetio, 3o<Di,^^mm&t<vmm( mm^m 50 
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*[ 0 0 4 5 ] £T, - <D£? 4K-tf>^SttfcS5R« 

ajw *>-xwml tcw&\a*Mmmmmi*mffim^ 
mil, mm<D±$\,^m9&mj*^x*m&Ltcm 

T% SRa^KtD, EP*bfg2 te^lll 4 2, 34 2 O^: 

3 4 2 <D^ffW«Utt^ Jf!2 ffiSWtl 4 2, 3 4 2 <Z> 

[ 004 6 )^2 mmUl 4 2, 3 4 2 
h tmWkl 4,34 *SSEtffii-S^3i/W 1,31 CO^ffi 
11S, 3 1 S WiSicRSS«tt(0«?«fS:RjeLJ:5 t "f 
5 0 Z.<Dti$)^ !>xM 1,31 <Oa:^l^fw^K* 
^J^l 4,34 ^ifi^V^-O-^ V^L, 

^mmm* e o t l , ^«^^coit^«*sr £ r t 
it, ^r^yv*!^, 
) } • • • ( i ) 

9 . ¥»*«K1 ^V>T, Ml Ifea^l 4 1, 3 4 1 
tUTl. 5 n mJ5^>y = ^«MbRSrfflV>fc„ ^fc, 

^2 tea^i 4i, 341 tit, ^^mmm^2 

fc^Zr ( S|3#Rg) W^Wy7 P 7Vf->3 >S 

m-tzzt \zx 9 , fg2 teaagi 4 2, 342 st^l 
"fc. ^fc, y-f> sflii 5 , 3 5itt, y 

(-K — ^ tL/cl 0 0 n mff©#jBfr>!) ^^200 
n mJficoCo v-y i^-Y K t C0«SS:fflV^c e 4*5, K — 
s<>*h j^^fiS I MS ( Secondary Ian Mass Spectrosc 
opy) ( x-ray Fluorescence) TSJaEL tc 0 

I 0 o 5 o ] .02 XI/EI3 tc^i-J:5 «c, 
tySrK-tV^L^V^ n MOS FET10 COL 
#V^(io.32V"CfcO , pMOSFET30©L§V^tt 
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tt-0.6lV-C*>ofc. tLT, 1212 t^-rj:5 IC % Sr 

^V-cDK 0.03a t o m%, 0.10a t o 

m%, 0.3a t o m%, la t o m%, 3a t o m%, 10 
a t o m%C0#ffi(O^^ x n MOSFET1 0 OL#^ 
ffifi^H^tb 0.33V, 0.36V, 0.42V, 0.54V, 0.70 
V, 0.71V -Cifc *) , pMOSFET30Ol^^I^ 
:ft/^X -0.60V, -0.57V, -0.51V, -0.39V, -0.23 
V, -0.22V -Cfcofco S3 fc, Zr 

^f*y©K- t°>-^SiK^0.03a t o m%, 0.10a t o 
m%, 0.3a t o m%, la t o m%, 3a t o m%, 10 10 
a t o m%0#ffi(7)i:#, n MOS F ET 1 0 (DttV^ 
Mta-^iVPtL0.3lV, 0.28V, 0.22V, 0.10V, -0.05 
V, -0.06V-C&9 % p MOSFET3 0 COLtV^ffif* 
; ett j etV-0.62V, -0.65V, -0.71V, -0.83V, -0.96 
V, -0.97V Tfcofco 

[ 00 5 1 ] li?2 if&*#$tl 4 2 , 3 4 2 O 

^tt^-cfo 6 iSR«*Bi ( r. r -et sa i 2O3S) 

T, nMOSFET10MpMOSFET3 0(DLt 20 

0 . 1 a t o m%7!/Ml 0 a t o m%OjEHrt<£>»£\ 

Sri^So K-/>Vh8S^0. 3a t o 

m%75M3 a t o m%<Z>|Efflrt(E>J&3\ Hffl_h+##^ 

[ 00 5 2 ] /.C4b\ L#VMttttSSl iffeUdgll 41,34 

1 Oi?^ let #£#-r3 D 02 &tfl2]3 

1,341 <nm£ 1*1 . 5 n mt*5^ SKISRP^M 

«1 4 1, 3 4 1 CDff£ £r3 n m^TtC^i-^ ^ t 
K± 9 x L < (32 n miUTiC^^i-^ " ^ t^J: *9 , 

I o o 5 3 ] r <Dt%, ^mm&m<<*^<o\?~-\?i/y 

Tfi(T#»2 IfeHflgl 4 2, 34 2 *Ofif«>:Pfc<0«&K 
2MJ«f4Sr«iJW-r5ri:(cJ:t) % nMOSFETl OX 40 
tfp MOSFET3 o coL^vMfi^^n^tai^c^ 

CMOS rVW^^^tn MOSFET1 0 &l^p MO 
SFET3 0 <DffiL%\,^&&:&&& *5^t*t?#4 

[ 00 54 ] S3 Mititf, 3 fficoAl -fJr^Z 

^^pr^Al 203(cStUTfi4 tfcoz r 9 ^ 

< K— tT^^i-^r i (Cj:oT x n MOS FET 1 0 CO 
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oK-ifymOAl 2O3 JCjE^^a^Pfe^s^S 

tl%<DX\ p 1 <£>^t®l 1 S^fflC( nMOS 

FETio^yr-CfeS) « J 3 t *WiBLJ:5 ir-T* 

<DX\ L#v>flS^/>^ o H2 Icfcittf, 2 ft 

OSr >f 9 ^< K —\f^^f -t&Z-b \C£ *) Al 

2 03^(^(7)^m^^®^ix6OT\ nMOSFE 
Tl 0©L#VHi»****i-*. 
[ 00 5 5 ] f^l^ IU2 KJztltf, 2 ffitf)S r 

t \C£V , p MOS FET 3 0 (£>L# VMlS^lft^ttSrfS; 
i"5 w t fc<fc 19 % p MOS F E T 3 0 <DL # VMtttJfcfc 

[ 00 5 6 ] /,c*5, i*»K:LtA] zOtSMcolM 

[ 0 0 5 7 ] tfcoT, U#vMtt(D{g:^bom^75^ N ^ 
2 Ife^Il 4 2, 34 2 <£>2K;frMK — t: 0 ^^^^ # 

(i ) nMOSFETIO Of2 ^tlll 4 2 (C» 
Itlt p MOS FET 3 0 Og2 *fe^3 4 2 *tf>jg 

v) t ****** V^HftttAJK^-vSrK — 

»«+ntf. ( I ) nMOSFE 
T 1 0 Ojg2 ^J^l 4 2 ^(Cf^IEco^m^Pfe^r J: *9 # 

< . mmm2 tms&i 42^^ ie(c^®^ ^5 

^ t (aot, nMOSFET10 0Lt^I*fi«t 

[ 00 5 8 ] ^2 Ife^Sgl 4 2, 3 4 2 

K — tT V>/SrtT5 ( i i ) p MOSFET3 0 C7) 

^2$fe^3 4 2 WLt(^ nMOSFETl 

2 Wmmi 4 2 4»©»«£Jl±t?£Jl-C. ^tfSpkDiSRfl* 

li. ( I I ) p MOS F ET 3 0 C7)jg2 |fe^3 4 2 f 
KttA^?»«^cSfeS:J:5 #< Stt»2 I6WR1 

4 2 ^rJz *9 AtC^S^-tir^r t (Cj;oT. p MOS FE 
T 3 0 COL # V Mg( w|ftS*«) ^te^-r^ r <h *>r^ 

[ 0 0 5 9 ] Aftq^JCltt, 02 Xt^|g|3 frh % 
Sr ^^>?rp MOS FET 3 0 <7)Jg2 ISItR3 4 2 [C 
>PJ-LT3 a t o m%iftK —y'-tZ t &\Cn MOS F E 
T 1 0 <D%>2 mm&l 4 2 fCfcf-LTteK — f ^^Srb* 
t CJ;oT, p MOSFET3 O <b n MOSFET 
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[ 0 0 60 ] fc*5, 2 ^IW±<D^FM^JS^^^SrK 

5A1 203(C*j-LT. *(C2ffi<7)Sr ^~>-&t> + B a 
tVO^K -tV^LTt gV>t , 2iffic0Sr 4* 

[0061] mte%m&<D^mm&m^ *>-$:b* 

[ 006 2]4*5, 2 WSSl±<D^ffi!fo&mJ*>'£\* 
( i ) &m i i ) »s1-Jft,fi±i*<02 ocD&ftOT 

( i ) xt* ( i i ) srra^»jE-ra«t5 

OSFET10, 3 0 OL#V^S:SE^*-ti:oo(S«EE 
[ 0063 ]^: 5T% tfefWn MOS F E T 1 0 P CO 

y-h «si 5 p (c^v^tt*Mm^*-r^Ai , p t) 

Ti N^SrffiV^c4§3\ ^|nMOSFET10P^)L 
l fc:J:*ui. V-b mmi 5 fc_hifi(OAi 4S*Srffiv\fc» 

±#^Ti , Zr , Hf , Si , Pr *W*K -b 0 ^^ 

[0064] -ewu ^mm^m^^-><DY 

-t>^(aot, ^2 jtetSRl 42, 34 2 RUT^ 

9 > ^-h ffigHRl 4,34 *>#2 42,34 

X^Zo ^<Otc^ ( lfefOT^{«£Bl PiBffl:) 
i^MOS F ET 1 0 , 3 0 X^—b WMl 5,35 C0*t 

—b mm^l 4 #ficoSffi2 ( ft^Lfctp ^xM 1 ) 
©x*^^K ^#cfii<b y-h *fe^3 4 f*ifi*>£ 
^£2 ( T^Lten r>^n^3 1 ) O^^/Mf— y>VKOft 

nMOI S FET1 0 bp MOS FET3 0 tXL^i^ 
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^ ^-y ^/HEW^ K - tr >- ^ tciJ: 5 ^ ^/i-y — * 
*5l#jgwi-ri:ds*v\ for, »*<0¥*f*3S«i 

SJL T) XJ: 0 JEV ^W£$mftX&MO S F E T 1 0 , 

3 0 <dl # v ^ttSr»j«-rs n fc 2$-e^ 5 o 

«£\ m2 mmmi 42, 342 jwp^i4rjS2 

1 4 2, 34 2 £&D&maai*:£< ^(Otc&b, 

fe5, 35i ^FM^JSl 2, 13, 32, 3 3 £ OP^ 
A^AldK^T, 

tt«:»6fc«e>K:JR2 ^JKl 4 2, 3 4 2 (DJ¥^ 4r±^ 
(503 n mJL^_hl 5 n mJ^T^f^L T V ^ 0 »*L< 
3 n m^±l 0 n mJ^T^IS:*^ r t l££ 9 > JbE# 

±mm£^y ^>m\^*h&zm&D / f-b imm 

4P, 3 4Ptras«ici-5c:tds-e#5. 

[ 00 6 7 ] /^^o, ^^^HHK^7KA«( MP^^-h 

20 mmm 4,34 aiPF«»jBi 2,13,32,33 
ommk) <Dnmm6 0 0 ^^tco^-^, ^2 

ill 4 2 , 3 4 2 ^^jfSK ^x;H 1 , 3 1 t (O 

ftmrnm^fetemG- ( bp*>, ^^/h i . 3itK 
if 1 4 i , 341 srsa^-rt-, ^2 mmmi 42,34 

2 Sr^^/w 1,31 ±izm.KMtit\sXt> gjfio 

134 sr#flg> o *>t>*t>m&, f-b tmmi 4,340 
±m*#z tmmi 42, 342 ^^i> 0 
[0068]^^ ±^<ommxnmm2 mmi 4 
5^ 2,342 xmmnmm* mct\^ tctK *&ft 
en 4 2 , 342 xmmm>mt&&m*LXi>Mt>te\<\ 
mtzz mmmmtn<Dm&, >y b a a v te&mmmm 

[ 00 6 9 ] L#vMfi( oJfe^ 

ffi) (^^n MOS F ET 1 0 RXfp MOS F ET3 
0fC*>Ttt*9, foTCMOS^ML^^nMOS 
F E T &U?p MOS F E T (C^fL Tt> fcT ^*-5 0 

^ [0070] <mm<Drm2 >m* tzm&iDj&m 

col^PJT'fi, gEiEco^flc^gi ( mi t 

[ 0 0 7 i ] 04 fc Hi t MStfti&ftfaZ J: 5 tc, ^ 

«^Mi b ^^ei fc*3v*T#i team 4 

1,341 ^^{tT(-. m2 Ml 4 2, 3 4 2 

3i/ui 1,31 ±^«:fc»fijiufc«atettaL., v-b 

ffimgl 4,34 (^^#5ftS»2 Jfe^l 4 2, 3 4 2 * 
50 -g-trS^fcffiSfSo 
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[ 00 7 2 ] Wttldtt, ym&mWl B Us ^**^B 
1 td&l^Cn MOS F ET 1 0 R&p MOS F E T 3 0 
{C^X.T\ n MOSFET1 0 B RXjp MOSFET3 
0 B*r«;fcT*59 , ¥|fl«ll b I«I:S*6<j4CM 

[ 00 7 3 ] ±NMfrl£Bl B <On MOS F E T 1 0 B fi 
gEi/f!<On MOSFET1 0 ( Ml #RS) (CjoV>Ty— h 
te&^l 4 £Wicoy-N JfelUKl 4 B t^ML fcflEg 
SrWLTVS. 2NWHSIiB(OpMOSFE 
T 3 0 B I g£0!<Op MOS F E T 3 0 ( 01 #fiR) |C 
t5V^y-h *fe^M3 4 Sr*L*coy-h MHHK3 4 B fc 

■?xM 1,31 /¥IO^-h ffiaHl 4B, 3 4 B 

h «Bl 5,35 <08W«ifiS:*rLTV^ 0 
[ 0 0 74 ] mz s mm<DV-h »tHl 4 B , 3 4 B 
WtEll COy-h ftSWl 4,34 <Ojf|2 4 2 , 

3 4 2 lChfc<9 % M2 mm%\ 4 2, 3 4 2 <h PMtlCft? 
fife* ft*. BP*b> tfelHRl 4 B , 3 4 B tt^cO^ 

m^mt LTiefros |»Jb«Jt»WW:#UfciB» 
«*BK:^-C*30 . l&IHRl 4 B , 3 4B^> 

^^-vcoam&t/K-b^^^^Hl <Ojg2 ij&lidgl 

142, 3 4 2 t mm^mm- m^r^ 0 k - 

t°>-^(cj: 5 , y-b ftmmi 4 B , 3 4 B SrfiW-ffii*; 

[0075] rrt, 05 (-y-h tmmi 4 

B , 3 4 B *\><D&m<>(*Z/<DV —f^JfM&b MOS F 
E T 1 OB, 3 0BOL#i^|«BEioBWR< HSfcS 

*>fc0 , ^ttSHtl B te*5V^T, &SHR1 4 

B , 34BiLT, ScS*BWbttttdS3 «t*5Y( 13 
5#JS) X(i^«i^ 5 ftt*5Ta ( 06 # 

fc 0 ft*S, ^8^~t 0 >-^£;}xfcZr OzIliMOCV 
DS*lt 0 Wx.fi, Zr 0 2 <Z)gi|SftLT( ftV>L 
fiZ r ^^flfe^aSi: It) O Zirconium tris-iscpr 
cpaxy tetiranethylJ^t^nedicBTate . ( T Zr ( OP 
r i )3(thd) JH P^) Yttrium tris-tetra 
rreth/Iheptanedicnate( ry(thd) J it £r 

2gKrJftfcLfc - 0iJx.fi, ±ffiZr ( OPr j ) 3 

( t h d ) (C x tantalum pentaethcKi(te( r Ta (OP 
T) sj fcfcBF-S) SrSS&Pi-^r £ Ciot, Ta^ft 
^tfK-^StifcZr 0 2KSr»j«l,fc 0 fcjs, ^-h 
Hi 5, 3 5£LT\ 30nmfWTi N<t5 0nm 

[ 0 0 7 6 ] 05 fcjjc*-J:5 -^mm^M^ 
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sJ-^fcK— fcTV^LftVMifiN n MO SFET1 0 B CO 
L#V^tto.46Vtffc9 \ p MOSFET3 0 <OL£^ 
flt®BEJi-0.49VT*foofc 0 ^lt, 115 (c^-Ti: 9 
(d N Y'f^OK— tT^jfcflM* 0.03a t o m%, 0.10 
a t o m%, 0.3a t o m%, la t o m%, 3a t o m 
%, 10a t o m%<D&m<Vk nMOSFETlOB 
COL ^iMiStt^Jh/PtL 0.47V, 0.49V, 0.55V, 0.68 
V, 0.80V, o.80VT**>9. p MOS F E T 3 0 B COL 
#t^li^ft/*f*b-0.48V, -0.47V, -0.40V, -0.24 
10 V, -0.10V, -0.09VTfcot 0 IH6(c^1-J:9 
td N Ta -Y ^VCOK -^t^^SS^ 0.03a t o m%, 0. 
10a t o m%, 0.3a t o m% la t o m%, 3a t o 
m%, 10a t o m%<0#ttOi # , nMOSFETIO 
B(OL#VMlS^tt^^0.45V, 0.39V, 0.35V, 0.26 
V, 0.10V, 0.09VT*fc9, p MOS F E T 3 0 B COL 
# VMitte^tl^tL -0.49V, -0.56V, -0.62V, -0.70 
V, -0.86V, -0.85V-Cfcofc 0 

[ 0 0 7 7 ] r cOJ:5 V—b m^mi 4 B, 3 4 B 

<z>£wm*5 Mmmmmi z z x+hz r o 2 a) 

±ot, §E$OnMOSFETl 0 XVp MOSFET 
3 0iH«fc, nMOSFETlOBWpMOSFE 

t 3 0 b col # ^mm&&^ft?tvi&&icmm' nfei- 

ZZkfrX*£Z> 0 ffiot, #»ftiSBBW:iitf, ^ 

[ 0 0 7 8 ] £ <Db S5 &Uq!6 ICtttfi, Y^^ 
V?rp MOS FET30B (D^f—h Ife^l3 4 B i^L 
tlato m%gftK-7 B L, Ta -ft^nMOSF 
30 ET1 0 Bcoy-h IfeaJKl 4 B tC*fLTl a t o m% 
m^K— ^t5- t laot, pMOSFET3 0B£ 
n MOS F E T 1 O B t T'L ^ ^ISrl^L 00, 

[ 00 79 ] ^$3. iW«LTZ r O 2 «^cOgBzE 

^cO|J^(O^^Jl^^^Srfflv^c^T^ l^«CO^ 

40 t><DX&-Dtz 0 

1 0080] 4 as, ^*/^w<Dmm&&m~tztz£> 

^ h jffegdKl 4 B, 3 4 B£^^/H. 1 , 3 1 b 
COPTIC. El COMOSFET1 0,30 cO^l Jfe^d^l 

41, 3 4 1 b mm<oijmm.mm$:&ttxh mt>^\ 
[0081] <n^co^«i3 >£ t> mmmmi , 2 

T*fi¥*g#3£gi , ib^cmos ^Sr^tp^ 

srR?BLfc*s, mm?>Mm3 ximm&mmi , 1 b ^ 

^^^tftP^-r^o ft:fc\ ^rALSI (iSlMcSft-5 
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/Oln]S&ffl<OMOS FET ( ft^LfiMI SFET) £ 

i o o 8 2 ] H7 {cmmcomms \z.&%> ^mw^mx c 

S I Sr*g7u-C;fc«9 , 07 (Cf3u * InlSSfflMOS F E 
Tt LTcOSl (On MOS FET ( ftl^LttfSl MI S 
FET) lOCRm /OtEl^fflMOSFETtLTW 
S2 (On MOS FET ( &^LteS2 MI SFET) 3 

0 C«rEI*L-C^5 0 

[ 0 0 8 3 ] Si (Z)n MOS F ET 1 0 CteEIl (On M 70 
OSFET1 0 t raate>«fi8Sr*i--5o S2 (On 

MOSFET30C tt**WlCttJRl (On MO SFET 

1 0 Ct mm?>Mf&$:^X\<^ 0 Wh, Si <On MO 
SFETIOC^WC S2 (On MOS FET 3 0 C 
ftp ?x^3 1 CC0^®3 1 C S Jblcr. C0lW^T*aWS 

ttfc^i te*tii3 4 1 c , m2 mmM3 42c stw- 

h mm%3 5 CSr«x.TV^So Si *fe»Jgl3 4 1 
S2 4 2 C 75-^— h *fe»j3H3 4 C &f&t 0 4 

fc, S2 (On MOS FET 3 0 C flp ^=^jU3 1 C cOgl 

B3ics rtKT&fe* titc ( y — ^ • K 20 

■T) n SE^7iHMJ|3 2 C, 3 3 c SrM(-<lx.TV^ 0 
[ 0084]i2 tmmi 4 2, 3 4 2 C L 

*59 , ¥&#£gSl t IPMKC S2 ffiftRl 4 2,34 

WR*<DWtfrUk<D&&BLXJm&& . fctnMOSF 
ET10C, 3 0 CcOL£vMt£©J#PLT^>5 0 4*tC N 
Si Ml2(DnMOSFET10C, 3 0CWf 
^r^/Uffl-CrifcSaS, I /0[USgffl<OS2 (On MOS F 30 
E T 3 0 C COL # V Mtttn v?^ ^ HJESfflcoSl (On MO 
SFET1 OC*>t*Ufc0fci(I< NJtLTlvS. #*S* 

¥3M**«i c (o^(oft&(o«^^^^gi t mmx 

Mo 

[ 0085 1 1^5^ ¥^^S1 C |£«fc*Ui, [3 
Cnft^I^MOSFETlOC, 3 0CCo^T 
fc#L^V^*lfi&(CSiJ«-r5^t^-C#, pjMOSF 

etioc, aociB-eLSv^ittsrim 

Sr^i-^o &*5. Si &t>*S2 (On MOS F E T 1 0 40 
C, 3 0 C£r#(Cp MOSFETtdOELTt ±jfc<Dm 
Wte*>TI2:*£ 0 Sfc* Si MI2 OnMOSFET 

i o c , 3 o coBM&s:, ^ ^-y -tjvmmn /o@b 

ffl^MOS FET tC^Wca ^ [hISS/HAW ^-y -fe 
/W3(OMO SFET tClgffl-T6 r i ^ pTfig-e&S o 

[0086] <$ffitDj&m >mm<Dmmi -3 -era^ 

a»*3Sfil , IB, 1C (OMOS FET10, 30, 1 

ob, 3 ob, i o , .3 o c^mzmmmmmt^tc 
h mmmi 4, 34, 1 4 b , 34b, 14, 34 
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mte^wmmmx-z> ss^mos fet^ ^1 
[ 0 0 8 7 1 ins ^mmomwA ^mftmm d 

OSFET1 0 p MOS FET ( &V^Ltt*2 MI 
SFET) 3 0 Dt Sr(ix.TV^5o pMOSFET30 

DcO^-h *fe|^l3 4 Dtt, mrtBKawuBW^^y 3 
v-y a^lWl^fc8Wz>{£( it) CtMoRSfHffid^ 

&*>\ pMOSFET30DSW*MflD 
0^<OfBlCO«/&te|ll (Op MOS F E T 3 0 &tF£#f£ 

[ 0 0 8 8 ] o£9 x *N£f*3£«l Dt'fin MOS F E 
T 1 0 (OS2 4 2 ^^i-i^KS^^^^fS^ 

ffifcfei <0'>&< t -*5r^J«-r^>r. ir t-J: 
oT, n MO SFETlOirp MO SFET30Dt"C 

^L^\ pMOSFET3 0DCfetn MOSFET& 
K»tTt>«fc>*V^L, nMOSFETlOlCfitpM 

OSFET30 ( Hi 0m) Sr»»i-Cfc«toftv\ 

[ 00 8 9 ] ^ft^Hi , 1 B -1 Dfc 
o)^±(OMO S F E T 4^*£S«fc*5V ^T^> # 

MO SFET COL # V ^«Srafti:fcM» BT«re*5 o 
[0090] 

[ »9§<08fc*] «c«6»Wfciixfi % Si 

frBI^cb S2 RtM^ -CK -fc^^^J: s ^r®^Pfe 

©*«xt//xtt«ttds*tes^-e. Si MS^ai^s 

2 ilfflli ^MttiSr»i5 r ^ 6 o rcofc 

Si >S:t>*S2 MI SFET "T?^ — h SS^ttWI^ 
Ci^tfcoTt, Si ^J!gf+ifi(0^f*S^ 
^)x^;^-/^K co^ffii: S2 ^-h «awWEH"fio^ 

*J»-r5-tiS-C#5 0 t^oT. Si MI SFET^S 
2 MI SFETKl^V ^«BE*»iCK1W»-r5 - t 

^ B B B^y^^) ^/Knx^^tglt^MI s 
FET co^-y^/utB^E— coK — t'^^tcj; 6 ^-Y ^^y 

T) XJ:^ J£V^mBE®fflrtT?Sl MI SFETcOL^V^ 

[ 0 0 9 1 ] ff^3S2 ^ffis^Wcitttf, Si RVm 
2 &Z> Wr&£ *) fc 

[0092] lf*J53 *Ji»6»Wli:J:ix«, n 
MRXlp T-Y ^^MMl SFET -C#ilx. fi C MO S 
-tWih^, mMl SFET cob # V N ffiSrS iirS ^1 i: 
as-C#5 0 nft^SM SFET COL # V Mil 
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[0093] ts*«4 *u*, n ^^m- 

s;&i>p sfet -e^R «c mos^ 

^T^^o JEM. p^^aMI SFETcOL^Wi: 

[ 00 9 4 ] IS*«5 fcffiS^WlCiJxtf, mt?-** 
St/*2 MI S F E T mX*L # V 

(ftV^n^y^EIBfflMI SFET&Otf V^itlE©S5 

[ 00 9 5 ] IS*3S6 lc«S38WJcJ;tltf, Wl^+* 
fvmr>%\ RXJW,2 MI SFETBB-CL*V>|I«BES:a 

{SV^^^iggSfflMI SFETSaUtVMIlE^ili 
/OlHlgSfflMI SF-ET^2Jt*«:fl|*.fc*ai*«« 

[ 0 0 9 6 ] W#Jg7 fc««38WcJ: fttt* UMI s 
F E T <b g§2 MI SFETtTLfl MBOilEa^lUfctelM 
W£ *bfc*»#3S«S:«tt-r5 £ t tfX'Z % o 20 
[ 0 0 9 7 ] ffi#m8 ^«a»WKJ:ixtf, IlMIS 
F E T £ 182 ME SFETt "CL# V ^ttfflffi^SSft3fefC©J 

[ 00 98 ] »*^9 «C«5«0Jf£«fc Jxtf. MI S F E 
[ 00 9 9 ] «3ftfl5i 0 fc«538WlcJ: jxtf, £fftf\ 
[0100] f»*«i 1 fc«6»WKJ:*Ltf % jSJWa^ 30 

[0101] flMWi 2 «cfil6»WK:J:ixtf % |gi ^fl; 

i ^Wiaot, ilMI SFETCS2 
MI SFETt^^^L#V>fitfflffi^X.etbTV^ 

So jgi ^<*«^^m^:HI^**av/ 

XOttttOMffKJ: ot, ® Xt**2 MI S F E T CO 
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cOaKu vco^# gat ^mi sfet co^-v ^)^WSr^n> 
MI SFET<OL*V^«EE^©J»i"5ri:dSTtS«> 

[ mi ] mm^mmi \z.wb^vmmso^mtm 
[ 122 ] mm<ommi 

h *6^J5Ico^2 ^JK4 J cO^^M^^>'^S^ M 

[ 03 ] $m<ommi ¥m&mw\z&^xy- 
[ 115 ] mm(Drm2 [z.&z^mm^&^xtf- 

h t&ffl&^<D^$m&fc<< *ls(Dm&b MO S F E T CO 

[ me ] fffifomsa ¥m#mmz&\, 
h t&im&^<D^$m&mj ^(omstt mosfeto 

mmxtoZo . 

1 , IB-ID 2 ^g^Sffi. 1 0 , 

10B, 10C nMOSFET ( fSl MI SFE 

t ) x 14, 1 4 b y-h tmm( mi mm 
»,i4i, 34i, 34ic mi mm. I 4 

2, 342, 3 4 2Cf2 *fe^J3S, 15,35 ^ — h 
WM, 30,30B,30D p MOSFET ( ^2 M 
I SFET) . 30C n MO S F E T ( f2MI SF 
ET) , 34, 34B-34D y-h NMHK ^2 y 
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I 01 ] 



[ m2 } 




11S 



11 12 J 41 142, 13 
14 



32 ,341^34% 33 
34 



31 



1 

2 : ^8JttM 

10:nMOSFET(S5lMI SFET) 

1 4 : <ssi )?-hmim 
15,35 :?-hmm 

30 : pMOSFET ($2MI SFET) 
34 : (^2 ) V-hl 
141,341 :MM 
1 42. 342 :M2&m 





fiJS (atoBi%) 


nM0SFETO>l,£l>fg(V) 


pMOSFET0)LJ*lVa(V> 






0.32 


-0.61 


S r 


0.03 


033 


-0.60 


S r 


0.10 


0.36 


-0.57 


S r 


0.3 


0.42 


-0.51 


S r 


1 


0.54 


-0.39 


S r 


3 


0.70 


-0.23 


S r 


10 


0.T1 


-0.22 



[ m4 ] 



I IH3 ] 




11S 



34B 



33 31 





9^ < atora% ) 


nMOSFET0)L£lMg(Y) 


pM0SFETOL£l>©(V) 






0.32 


-0.61 


Zr 


0.03 


0.31 


-0.62 


Z r 


0.10 


0.28 


-0.65 


Z r 


0.3 


0.22 


-0.71 


Z r 


1 


0.10 


-0.83 


Z r 


3 


-0.05 


-0.96 


Z r 


10 


-0.06 


-0.97 



i b z*m&&& 

10B:nMOSFET($1MISFET) 

i4B : (Mi )?-hmm 

30B : pMOSFET (312 M I SFET) 
34 B : {m2)f-t~&&m 



I me ] 



I IU5 ] 





£g<atoii%) 


nMOSFET0)L$U@(V) 


pM0SFET<7>O£Ug(V) 






0.46 


—0.49 


Y 


0.03 


0.47 


-0.48 


Y 


0.10 


0.49 


-0.47 


Y 


0.3 


0.55 


-0.40 


Y 


1 


0.68 


-0.24 


Y 


3 


0.80 


-0.10 


Y 


10 


0.80 


-0.09 





9£ (atoro%) 


nMOSFET0>Lyc?l#\tl(V) 


pMOSFET0)U£U@(V) 






0.46 


-0.49 


Ta 


0.03 


0.45 


-0.49 


T a 


0.10 


0.39 


-0.56 


Ta 


0.3 


0.35 


-0.62 


Ta 


1 


0.26 


-0.70 


Ta 


3 


0.10 


-0.86 


Ta 


10 


0.09 


-0.85 
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[ m7 ] 



I ms ] 



37 3,5 3^8 
30D 




11 12 141 142 13 
14 - 



32 34D 33 31 



1 C : ¥£f*g!B 

10C; nMOSFET(SI1MI SFET) 
30C: nMOSFET(S2Ml S F £ T ) 
34C : <m2)^-h|&gR 
3 5C :^-hM 
341C:Sg1«lig 
342C :§g2e«fi 



1 D : *3<«g@ 

30D:pMOSFET<g§2MISFET) 
34D: (S2)>T-h«»g 



[ 09 ] 




IIP 12P 14P 13P 2P 32P 34P 33P 31P 



(51) Hit, CL. 7 SffiUfS# 
HO 1 L 29/78 



FI 
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F & 5F048 AB01 AB03 AB06 AB07 AC01 

AC03 BB06 BB07 BB08 BB09 
BB11 BB12 EB15 BB16 BB17 
BB18 BE03 BG12 DA23 . 

5F058 BA20 BD05 BD06 BF06 BF27 
BF31 BJ01 

5F140 AAD6 AA28 AB03 AC32 AC33 
BA01 BD01 BD05 BD07 BD09 
BD11 BD17 BE07 BE09 BE10 
BEL5 BF01 BF04 BF05 BP07 
BF10 BF11 BF18 BG08 CB01 
CB08 



